as mutual scaffolds. Likewise, determining the affinity of the TbRM140a-TbADAT2/3 interaction, the stoichiometry of the TbRM140a-TbADAT2/3 complex and the specific activities of TbRM140a and of TbADAT2/3 alone will add invaluable insight to this stepwise mechanism for deamination.
The idea that formation of the TbRM140a-TbADAT2/3 complex prevents wholesale genome deamination in T. brucei nuclei suggests exciting future studies to work out the specificity of the reaction. The well-characterized RNA-editing enzyme APOBEC1 requires a cofactor to direct deamination to a specific residue on its target messenger RNA 11 . Do TbRM140a and TbADAT2/3 provide specificity for each other? APOBEC1 and another deaminase, AID, can deaminate singlestranded DNA (ref. 11) . Is this also a feature of the TbRM140a-TbADAT2/3 complex? In which case, what regulatory mechanisms protect the cell from rampant methylation and deamination of single-stranded DNAs by TbRM140a-TbADAT2/3, both of which could have major detrimental consequences for cellular fitness?
In addition to its role of directly recoding RNA transcripts, RNA editing has been implicated in biological processes such as RNA silencing, splicing and innate immunity 12 . Hundreds of RNA-editing sites have been detected in humans 13 , and aberrant RNA editing is implicated in numerous neurological disorders 1 , emphasizing the need to understand the fundamental molecular and biochemical mechanisms involved. Methylation has previously been shown 4 to occur before deamination in the A-to-I editing of prokaryotic tRNAs, but Rubio et al. show that this also occurs in C-to-U editing in eukaryotes. In doing so, they provide a valuable lesson for researchers hypothesizing mechanisms for RNA editing: sometimes nature doesn't take the most direct route to the desired destination. ■ Thr only in the presence of TbRM140a, suggesting that these enzymes are mutually dependent on one another for activity. The authors hypothesized that the enzymes must interact directly for the observed methylation and deamination to occur, and performed in vivo and in vitro binding experiments that provided evidence of this interaction.
William T. Yewdell and
An earlier study 8 had demonstrated that TbADAT2/3 could deaminate DNA in the bacterium Escherichia coli. Rubio et al. hypothesized that the interaction with TbRM140a might help to regulate TbADAT2/3 activity and prevent aberrant DNA deamination. Sure enough, they observed that coexpression of TbRM140a and TbADAT2/3 in E. coli leads to the bacteria generating fewer mutations than when TbADAT2/3 is expressed alone. This supports the idea that the TbRM140a-TbADAT2/3 interaction might prevent 'wholesale deamination' of the genome by TbADAT2/3 when it is localized within T. brucei nuclei.
Rubio and co-workers' findings suggest a provocative model for the mutual dependence of two enzymes that target a single tRNA residue for editing (Fig. 1) , and raise several questions regarding the relationship between TbRM140a and TbADAT2/3. Strikingly, m 3 U is not generated during the initial reaction with TbRM140a and TbADAT2/3 that catalyses m 3 C formation, but only when m 3 C is incubated again with the two enzymes. Does the methylation activity of TbRM140a require the catalytic activity of TbADAT2/3, and vice versa? Studies featuring catalytically inactive mutants of the enzymes and mutations that disrupt direct binding of the enzymes to each other would address whether these proteins act 
ASTRONOMY

Earth's seven sisters
Seven small planets whose surfaces could harbour liquid water have been spotted around a nearby dwarf star. If such a configuration is common in planetary systems, our Galaxy could be teeming with Earth-like planets. See Letter p.456 
Years Ago
The view that "Mankind takes his dental problems with him wherever he goes" was the theme of the paper read by B. Lawrence Shalit to the conference on "Planetology and Space Mission Planning" … Mr Shalit put forward his plan for dental care in space "to prevent the astronauts from being incapacitated by dental problems and secondarily, to protect the oral cavity of the individual astronaut from permanent damage of any type during space flight" … Mr Shalit rejects the notion that it would be simplest "to equip all future astronauts with full dentures": not merely would this make mastication less efficient but "the loss would be psychologically upsetting or even unacceptable" … On longer space flights, Mr Shalit suggests that the potential hazards of dental caries should be minimized by "reduction in frequency of eating", and that astronauts should be trained in scaling teeth. From Nature 25 February 1967
The economic importance of coal we perhaps realise. It is the only raw material we produce in great quantity … Our output of coal and our home consumption in the year 1913, a period undisturbed by domestic troubles or by war, touched high-water mark in production and consumption … Not only are we exhausting our supplies at a far higher proportionate rate than our nearest commercial rivals, but we are retaining for our home use a much smaller proportion of the output. … if Great Britain is to maintain her place among the great nations she must remain a great manufacturing centre, and this depends entirely on cheap fuel. The necessity for economy in place of waste is apparent, and enormous economies are undoubtedly possible.
From Nature 22 February 1917
planets have been discovered beyond the Solar System using a method called transit photometry. When a planet passes in front of (transits) its host star, a small amount of stellar light is blocked, exposing the planet and providing information about its size. Low-mass stars make good targets in the search for Earth-sized planets because a large fraction of the stellar surface is blocked during a transit, making these planets easier to detect. In 2010, Gillon and colleagues began monitoring the smallest stars in the vicinity of the Sun, using a dedicated 60-centi metre robotic telescope called TRAPPIST (the Transiting Planets and Planetesimals Small Telescope) in Chile. After their initial TRAPPIST-1 discovery 2 , the authors carried out intense ground-based observations of the star, in addition to 20 days of continuous monitoring using NASA's Spitzer Space Telescope. In the current paper, Gillon et al. present evidence for 34 clear transits, which they attribute to a total of seven planets (Fig. 1) .
The authors' results show that the TRAPPIST-1 system is extremely compact, flat and orderly. The six inner planets have orbital periods of between 1.5 and 13 days that are all 'near-resonant' -in the same time that the innermost planet makes eight orbits, the second, third and fourth planets revolve five, three and two times around the star, respectively. Such an arrangement causes the planets to have periodic gravitational influence on one another. This effect results in small shifts in the observed transit times, which the authors used to estimate the planets' masses.
The planetary system is strikingly reminiscent of that of Jupiter and its Galilean moons, albeit scaled up in mass by a factor of about 80. Io, Europa, Ganymede and Callisto orbit Jupiter with periods of between 1.7 and 17 days, also in near-resonance. This resemblance suggests that the TRAPPIST-1 planets and the Galilean moons formed and evolved in a similar way 4 .
In the past few years, evidence has been mounting 5, 6 that Earth-sized planets are abundant in the Galaxy, but Gillon and collaborators' findings indicate that these planets are even more common than previously thought. From geometric arguments, we expect that for every transiting planet found, there should be a multitude of similar planets (20-100 times more) that, seen from Earth, never pass in front of their host star. Of course, the authors could have been lucky, but finding seven transiting Earth-sized planets in such a small sample suggests that the Solar System with its four (sub-)Earth-sized planets might be nothing out of the ordinary.
Gillon et al. will soon step up their search for planets around the smallest stars in the vicinity of the Sun with the project SPECULOOS (Search for Habitable Planets Eclipsing Ultracool Stars; see go.nature.com/2l8bfpv), which will use four ground-based 1-metre telescopes and increase the authors' sample of stars by a factor of ten. In addition, NASA plans to launch TESS (the Transiting Exoplanet Survey Satellite), a space telescope that will spend two years identifying planets around more than 200,000 of the brightest stars in the sky, including about 10,000 dwarf stars 7 . Although none of the stars monitored by TESS will be as small as TRAPPIST-1, the high-precision observations obtained in space will compensate for the weaker photometry signals and allow populations of Earth-sized planets around such stars to be accurately mapped.
Excitingly, we might soon find out what conditions are like on the seven sisters of planet Earth in orbit around TRAPPIST-1. The James Webb Space Telescope, scheduled for launch next year, will be able to detect atmospheric components and thermal emission from the 
M A R YA M E B R A H I M I & F E D E R I C O R O S E I
O ne of the greatest breakthroughs in materials science was the isolation of graphene 1 -a two-dimensional carbon crystal, obtained by stripping off (exfoliating) a single layer of atoms from graphite using adhesive tape. This discovery prompted the emergence of 2D materials as a new paradigm in science and technology. Nevertheless, graphene's potential use as a semiconductor in electronic devices has been limited because its bandgap (a property that controls the conductivity of materials) is zero, which enforces metal-like conduction. This problem has stimulated growing interest in synthesizing organic analogues of graphene that might exhibit useful properties, including a tunable bandgap 2, 3 . Writing in Nature Chemistry, Liu et al. 4 report a breakthrough in this field: the synthesis of an organic graphene analogue known as a 2D-conjugated aromatic polymer (2D-CAP).
Graphene is the largest 2D system in nature to be conjugated -that is, some of its electrons (its π-electrons, in scientific jargon) are delocalized within a planar framework of alternating single and double bonds. This conjugation is responsible for the material's remarkable mechanical, electronic and optoelectronic properties 5 . Synthesizing extended (micrometre-scale), fully conjugated and ordered 2D structures has been a long-standing goal for polymer scientists. Until now, the main approaches pursued to address this challenge have fallen into three categories 6 : the formation of 2D covalent organic frameworks (COFs; porous crystalline solids constructed from organic building units connected by strong covalent bonds); surface-mediated poly merization; and solid-state topochemical polymeri zation.
In each approach, the type and strength of the bonds formed between reacting molecules determine the robustness of the final product 7 . COFs are typically made using dynamic and reversible covalent-bond-forming reactions, which enables self-correction of any structural defects that form during the synthesis 6 . Unfortunately, most COFs have limited chemical stability, and tend to decompose under ambient conditions. However, 2D-conjugated COFs made using irreversible covalent double bonds were recently reported 8 , which form as crystalline flakes up to 100 µm long. In parallel, surface-confined reactions have been used to make flat, conjugated polymers in which the largest ordered domains are of the order of just a few square nanometres 9, 10 . The third approach -solid-state topochemical polymerization -takes place when monomers form a crystal in which the molecules have the proximity and orientation needed planets 8 , constraining their composition and climate, respectively. Liquid water could exist, or have existed, on any of the TRAPPIST-1 planets 9 , but predictions are difficult to make. For instance, although the estimated densities of the planets are consistent with their being similar in composition to Earth, they could instead be volatile-rich -containing a large fraction of water and ices -like the Galilean moons.
We also know from Jupiter's moons that a crucial factor for predicting the climate of a planetary body is the heating of its interior owing to friction caused by tides. This effect is responsible for widespread volcanism on Io and is the reason why Europa is thought to have a subsurface ocean. Tidal heating is expected for the TRAPPIST-1 planets because they exist in near-resonant orbits.
Could any of the planets harbour life? We simply do not know. But one thing is certain: in a few billion years, when the Sun has run out of fuel and the Solar System has ceased to exist, TRAPPIST-1 will still be only an infant star. It burns hydrogen so slowly that it will live for another 10 
Organic analogues of graphene
Chemists have long aspired to synthesize two-dimensional polymers that are fully conjugated -an attribute that imparts potentially useful properties. Just such a material has been prepared using a solid-state polymerization reaction. 4 prepared an aromatic monomer (a) that crystallizes in a packing arrangement (b) that pre-organizes the molecules for a polymerization reaction. c, When the crystals were heated, polymerization occurred to form a material composed of flat, stacked layers; side and top views are shown. Individual layers of the polymer can be peeled off the stacked system. Carbon atoms, brown; nitrogen, blue; bromine, red; hydrogen, pink. Structures were prepared using VESTA 3 software 11 .
